This paper describes our large reformed introductory physics course at UC Davis, which bioscience students have been taking since 1996. The central feature of this course is a focus on sense-making by the students during the five hours per week discussion/labs in which the students take part in activities emphasizing peer-peer discussions, argumentation, and presentations of ideas. The course differs in many fundamental ways from traditionally taught introductory physics courses. After discussing the unique features of CLASP and its implementation at UC Davis, various student outcome measures are presented showing increased performance by students who took the CLASP course compared to students who took a traditionally taught introductory physics course. Measures we use include upper-division GPAs, MCAT scores, FCI gains, and MPEX-II scores.
I. INTRODUCTION II. GENERAL FEATURES OF CLASP
A. Content organization 1. Organized around a set of models that address large classes of phenomena One of the most distinct differences between CLASP and the course it replaced, as well as with the vast majority of both reformed and traditional introductory physics courses, is in the order and organization of the physical ideas that we include in the curriculum.
In traditional courses content is typically presented as a sequence of topics, each of which addresses a small, albeit important, element of a larger organizing structure. For example, a table of contents of a typical traditional introductory physics textbook might list 30 or more chapters with each chapter divided into five to ten or more topics. Students' focus is typically directed to each topic serially by the textbook, the lecture, and the assigned homework problems. The goal is to have students master the particular construct or concept or understanding of a particular phenomenon addressed within that topic before moving on to following chapters where these separate elements are logically combined into a more encompassing theoretical structure. For example, students first master the elements of kinematics, position, velocity, and acceleration, including their vector nature and relationship to each other, before encountering Newton's 2nd Law. After mastering the fundamentals of applying Newton's laws to a rather tightly constrained set of physical phenomena involving only constant acceleration, the logical structure is eventually extended to include the major conservation laws of energy and momentum. This type of course may not be as useful as one might hope to students 17 who are learning the subject for the first time and who are judging "what is important to really understand" by the number of problems that they have to solve using the various ideas and by the overwhelming number of algorithms that seem important. As noted above, the originators of CLASP wanted to keep each student's focus on the main ideas of physics (i.e. exactly on "what is important to really understand") and the unity inherent in the structure of physics rather than on the immense number of detailed specific examples and algorithms that are inevitably used to show how these main ideas play out in the world. 10 Toward this end, the course is organized around a set of 27 models 18 that correspond to the sets of ideas physicists use to understand and make sense of many of the major features of the physical phenomena these students will encounter in their courses and careers. Of these models, it is probably fair to say that about a half dozen of them are the most important overarching models. 19 These models, and this organization of ideas, are prominent in all of the work that the students do so we will briefly describe their location in the course. The term "model" as used in CLASP frequently does not refer to historically defined sets of ideas and relationships among those ideas that have been given the name model, but rather as the collection of ideas and the relationships among those ideas, which, when grouped together, prove useful to these students as they make sense of, develop explanations of, and make predictions of phenomena relevant to their needs. 20 
Selection and ordering of models in CLASP
In an attempt to build on the students' familiarity with chemistry, the series of courses begins with conservation of energy (both internal energies and mechanical energies). This is immediately followed by the statistical properties of systems of large numbers of atoms and so completes the discussion of Thermodynamics. Next, conservation of energy ideas are used to analyze fluid flow and electrical charge flow. After this is a shift to two other conservation laws, conservation of momentum and conservation of angular momentum, which also serves as the introduction to Newtonian mechanics. Following these discussions in mechanics, we introduce wave models, interference, and optics. Finally, the students discuss fields (mainly E&M) and quantum mechanics. The full list of models, in order, is shown in Table I .
One significant advantage of this kind of grouping of phenomena and theoretical ideas is that particular concepts such as velocity, for example, are dealt with only at the complexity required for that model and the associated phenomena. Thus, the notion of speed and the square of speed is all that is required in making sense of phenomena addressed with models related to conservation of energy. It is not until midway through the course that the vector nature of velocity is needed when students encounter conservation of momentum models.
Similarly, initially in the course, force can be thought of simply as a push or a pull exerted by one object on another is a particular direction. Concepts such as these are further developed when necessary in later models. This is in stark contrast to the linear, logical development in traditionally organized introductory physics curricula. One important reason for dealing so specifically with models in CLASP is the desire that the students who learn to work with these models end up building a conceptual structure that remains after they have completed the course that allows them to make at least some progress in understanding most physical situations they encounter in the real world. To help the students build and use this conceptual structure, most models rely heavily on diagrammatic or graphical representations that provide students a way to begin working with the model (i.e., begin understanding a particular physical situation) before 21 writing down equations and doing complicated algebra. 22 The students readily use these diagrammatic and graphical representations in their discussions 23 and the representations clearly help them structure the presentations of their ideas to the entire class. Two of these diagrammatic representations (one for energy conservation and one for momentum conservation) are shown in Figure 1 .
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FIG. 1. The diagram on the left is constructed by the students to help them think and talk about energy exchanges. This particular example describes exchanges that occur when an ice-cube is added to a large container of liquid nitrogen. The diagram on the right is constructed by the student to help them think and talk about the final motion of two objects (initially moving in different directions) that stick together after a collision (in this particular situation forces exerted on the two objects by their surroundings can be neglected compared to forces between the two objects during the interval of the collision).
B. Course Structure
A regular offering of a CLASP course at UC Davis includes one lecture section that meets once a week for 80 minutes and a discussion/laboratory (DL) that meets twice a week for 140 minutes each time. Weekly quizzes or biweekly exams are given in lecture, decreasing the actual time available for presentation. Thus, less than 1/4 of the in-class time is spent in lecture with the rest spent in the DLs, mostly in intellectually intensive discussions in small groups (typically 5 students), concerned with either i) making sense of the models or ii) using the models to make sense of various important physical situations.
Lectures
Lectures in the CLASP courses generally provide the first introduction of new material, but they do not have to be nearly as complete or as self contained as lectures in a standard physics. For instance, in a CLASP lecture, the lecturer may define the appropriate technical words, describe the appropriate physical concepts and models, and ask the students to use them in real-world examples. However, the lecturer does not need to work out any example problems for the students, because the students will be working hard on applying the models in different (example) situations during their approximately 5 hours of DL time each week.
Many instructors consider the lecture time not taken up by quizzes or exams to be essentially a "bonus time," rather than the time when the students must see all of the material. This is not only quite different from the usual view of lecture, it also liberates the instructor who is giving the lecture to engage the class in whatever activities the instructor thinks are most useful. This is not a "flipped" classroom 47 because there is current no online component, but the lecture time can have some of the same features as lecture time in the flipped class.
Discussion/laboratories
The discussions in DL are what places our CLASP course in the category of "interactive engagement" classes. 24 The classroom is arranged with students sitting around tables in groups of five with a wall-mounted black board near each table. The group size was initially chosen for logistical reasons (fitting 25 students into lab rooms that had five bolted-down tables). It soon became apparent that with this student population and the style and format of the activities the students engage in, five-member groups are optimal. With a five-person group there is typically enough diversity of thinking among the five students to continually keep a discussion going. Additionally, five students can comfortably engage each other while working at the table and when gathered around their black board. The DLs currently meet in standard size lab rooms with six 4'x 6' blackboards around walls of the rooms, arranged so that there is a blackboard near each of the six small-group tables. The tables are oval shaped with an equipment nub extending from the center of one of the long sides. Lab-bench height tables with adjustable height stools seem preferable to lower tables with chairs, although we have used both and both work. We prefer blackboards over whiteboards, simply because the blackboards hold up much better than white boards with the very heavy use they receive.
Other than the requirement to have a blackboard for each small group's use and a table that facilitates discussion among all five students, there are no other special constraints on the room as long as it can comfortably accommodate five or six small groups. We have found that if an instructor is responsible for more than six small groups, groups do not seem to get enough assistance from the instructor. Classrooms with 8 or 10 groups and 2 instructors feel chaotic, and whole class discussions are not as productive as in the smaller classrooms.
In a standard size lab room of approximately 800 to 1000 square feet floor space, five or six tables can be arranged comfortably and all groups can see each other's blackboards. This is particularly important during the whole-class discussion periods discussed below.
The DL meetings are facilitated by an instructor who helps the student groups as they work independently and who also coordinates intermittent discussions involving the entire class. The intent is that the pace of the DL is primarily controlled by the students, and that the discussions are carried out primarily in the students' voice, even when an instructor is present. Students are provided with detailed prompts which guides their work. During the initial four or five years, the student prompts were provided on a set of slides using an overhead projector. After the curriculum became more stable, the prompts were printed in a workbook-style format. We provide DL instructors with detailed instructor notes for each DL activity with frequent reminders to the instructor to be a "guide on the side" not a "sage on the stage." 25 However, approximately 30 different instructors are teaching discussion/labs in CLASP courses each year and there is large variation 30 among the instructors in how they interact with the student groups. In spite of this variation, however, student performance as measured on quizzes and the final exam is rather independent of instructor interaction type.
What the students are actually doing during the DL is dependent to a much greater extent on the curricula materials provided to the students than on the actions of the individual instructor.
In a typical DL meeting the students will work through three activity cycles lasting 30 to 60 minutes each. Between the twice-weekly DL meetings students are assigned homework that builds directly on activities they have just carried out in the DL. Their homework is checked off at the beginning of the following DL meeting, not for correctness, but for effort at addressing the various prompts. Follow-up of the homework is often incorporated into the first or second activities in the next DL meeting. Thus, the homework is not an independent set of problems to get an answer to, but is integrally incorporated into the DL activities. A typical DL activity cycle typically consists of small group work, perhaps interrupted with one or two short whole class discussions, and a closing whole class discussion. These components are described in more detail below.
a. Small Group Work In the discussion/laboratory (DL) the students work in small groups on activities aimed at helping each student build their own personal understanding of the constructs of any particular model and the way in which these constructs are used within the model. The activities are intended to help our students become fully literate in a particular model so the activities generally ask the students to discuss specific physical situations in their own words, discuss them using the technical words and concepts of the appropriate model, diagram the situation using one of the representations associated with the model, and, sometimes, translate these discussions into the mathematical language of the model. Usually, once the translation into mathematical language is complete, solving the resulting algebra problem, substituting in the numbers, and doing the arithmetic is left for students to do outside of class.
As the students work, the instructor circulates the room listening to the conversations of each group and reviewing the content on the boards. When the instructor sees or hears evidence that the students are stuck (perhaps two students are arguing at odds and cannot choose a way forward, or the whole group is heading down an unfruitful path), the instructor joins the group to help mediate a solution. The instructor might ask the students to explain their application of the model to the situation at hand and remind the students of overlooked assumptions, or might use Socratic questioning to guide the student group back on track.
The specific instructor approach will vary depending on the particular problem the group is experiencing as well as instructors' beliefs about teaching.
48,51,52
b. Whole Class Discussion The pace of the small-group discussions is determined approximately by the majority of the students in the class. After a reasonable number of the small groups (half of them or more) have come to their conclusions about the activities that we asked them to work on, the instructor stops the small group discussions and leads a whole class discussion on the activity. Ideally, this whole class discussion is also carried out in the voice of the students (i.e., student-student discussions of the ideas). A typical whole class discussion begins with one student presenting the group's work to the class. The instructor might additionally or alternatively ask short summarizing questions of the class as a whole, ask students to review the content on all of the boards to discuss competing assumptions made by various groups, or prompt students to consider how the specific activity fits into the broader course goals. Sometimes the instructors are provided specific prompts to use in the whole class discussions, but more typically the instructor uses his/her judgment in guiding the discussion.
We have many goals in our introduction of a discussion with the whole class at the end of an activity. The first goal will be clear to any teacher. The whole class discussion aims to leave each student, at a minimum, with a basic understanding of what ideas needed to be used in the activity, how they needed to be used, where these ideas fit into the field of Physics, and how the activities relate to other activities that they have done. However, beyond this learning of physics concepts, we hope that our class gives our students a (somewhat) realistic view 9 of how science proceeds and we see no reason that this cannot be done in concert with the first goal. For instance, a whole class discussion may result in some groups advocating for one way of thinking about things and other groups advocating for another way (this is actually not uncommon when 5 or 6 groups work on their activities relatively independently) and then the discussion can bring out differing assumptions, differing viewpoints, and (of course) genuine conceptual misunderstandings. The whole class discussion also gives the students a chance to practice developing their abilities to participate in proper scientific discussion and argumentation.
26 Engaging in and practicing authentic scientific practices such as argumentation helps students gain confidence in their ability to perform well on the quizzes/exams both in CLASP and in other science courses they subsequently take when faced with the task of applying the science (ideas, principles, models) to new phenomena. This is discussed in Section IV.
Assessments of physics understanding
We will discuss the details of assessments and grading in a separate paper but, briefly, the culture in the CLASP series at UC Davis is that there are many short quizzes, which are given in lecture. Most typical is a 20 -25 minute quiz every week or a 30 -35 minute quiz every two weeks. There is also a comprehensive two-hour final exam. There are two main reasons for very frequent quizzes. The first is that the course emphasizes understanding of physical ideas and their application, so we want to give the students a way to monitor their understanding of each idea or set of ideas. 28 The second is so that students have many chances to learn how to produce a scientifically correct argument and a complete discussion of a problem.
Finally, there is also a culture regarding the types of exam questions in the CLASP series at UC Davis that is followed by the majority of the instructors in charge of the 15 separate courses. This culture: i) values exam questions and problems that are significantly different from those that the students have already seen in the sense that they must apply the same model(s) to a completely new phenomenon; ii) values exam items that are not amenable to algorithmic solution; and iii) prizes the quality of a written scientific discussion (typically an explanation or prediction) given by a student above the algebraic correctness of a mathematical answer, although at times, both are required.
Implementation Details
At UC Davis over 1700 students complete the CLASP A-C series each year during the i) a mandatory 3-day introduction to teaching in CLASP, which, besides dealing with nuts and bolts of the job, also puts the new TAs in the roles of students working on CLASP activities, followed by putting the TAs in the roles of getting ready to teach DL, followed by putting the new TAs in the role of teachers (with reflections/comments on teaching and learning after each TA is finished). These activities are interspersed with more general discussions of teaching and learning, which are taught in the CLASP (group discussion)
style.
ii) a mandatory 1-hour per week TA training course during the first term that the new graduate student is enrolled at Davis and begins teaching a DL. This class is generally aimed at the theory and practice of teaching an interactive engagement type of class. iii) attending the twice weekly one-hour TA meetings where both nuts and bolts issues related to the DL activities are discussed as well as more general issues related to teaching this type of course.
iii) We also offer (non-mandatory) TA professional development classes after the Fall term. These are generally aimed at studying and improving each TAs teaching skills and/or the CLASP activities.
Goertzen notes that professional development activities may not be enough to affect the 'buy-in' of certain instructors, and that overall departmental norms may have a strong influence on how reformed courses are implemented by graduate student teaching assistants.
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The following section provides more information on how the the CLASP curriculum is viewed by the department. "A total of 139 courses from across the nation were reviewed. In addition to being identified as being best practices overall, Dr. Potter's course was designated an, 'exemplary practice'
course by a panel of national experts in Physics. This is the highest designation awarded, and only a very few courses in our study met this standard of distinction and excellence.
The study sought to identify best practices college courses that could inform the redesign of AP courses in Physics."
B. Sample Comments from UCD Faculty
One feature of our CLASP course is that it introduces Physics faculty to interactive engagement classes. This exposure could potentially affect the practice of instructors in other courses. Unfortunately, we don't have a measure of how much our faculty has been changed by the CLASP courses. 31, 32 However, because the curriculum is pre-determined and the institutional constraints already handled by the developers, faculty who teach CLASP do not face many of the barriers that typically 33 hinder the implementation of interactive engagement elements. For example, Henderson and Dancy 33 find that some faculty feel that the expectations of content coverage are too great for a simple transition to interactive curricula.
Some also feel that their class size and room layout are not conducive to interactive environments, and still more do not like that they are challenging departmental norms. The lack of instructor time is also quoted as an issue. These particular barriers do not exist, or exist to a lesser extent for those teaching the CLASP curriculum. Thus it has been our experience that faculty who decide to teach CLASP courses have an overall positive experience.
In 2002, five faculty members who had taught the CLASP curriculum, but who had not been involved in its development participated in semi-structured interviews 34 about their experience in CLASP. The purpose of these interviews was not to evaluate CLASP, but instead investigate how instructors transitioned to teaching interactive courses. The faculty were selected to participate in these interviews solely because they had taught the course during the academic year when the interviews were conducted. It should however be noted that no faculty are forced to teach CLASP, if they do not wish to, and so all faculty in this sample chose to teach CLASP for one reason or another.
The faculty comments we present here is meant to provide insight regarding the transition experience of faculty teaching the CLASP course fairly early in its development. It is not meant to be an evaluation of the CLASP course itself, but merely to indicate that faculty enjoyed implementing the interactive techniques. Note that in this dialogue, 'Physics 7' refers to the CLASP course, and 'Physics 9' refers to the traditional course.
In answer to the prompt: 'What were your expectations coming into Physics In a discussion following the prompt 'What do you think of the attitudes that students have in Physics 7' (CLASP)?
Faculty member 3: The attitude [of the students] may be unchanged, but because it forces them to talk and participate . . . at least it draws out something in them that they don't get drawn out in a lecture class. I was actually pleasantly surprised at what a large fraction would actually talk, would ask questions, puzzle on things. . . . I think that's why this is a successful class, because it forces some mental activity on the students part that is always lacking if they are sitting taking notes in lecture.
On the subject of team teaching:
Faculty member 3: For a new instructor it was great, because it was so much less work for me, because all of you had experience and had figured out the subject matter and stuff like that. I was thrilled, and I was happy to put in my two cents on the quizzes and things like that . . . if I had had to write all the quizzes and the final, and all, it would have been an enormous amount of work for me.
Overall, the faculty were very happy with the interactive engagement aspects of the course and all of them (except one who has retired) continue to teach it. The main negative comments were regarding issues that have since been rectified (such as the lack of reference book), or had to do with the act of course reform in general. Some of these comments are presented below for completeness.
Faculty member 3: I was expecting that the DLs would have been more finalized by the time it was handed to me two days before ldots. That was a shock, that they weren't ready and they were in flux.
Faculty member 2: Well, it's gotta' be polished. It's been kind of a work in progress the whole time, it's now time to tighten it up a bit.
Faculty member1: . . . polishing really means taking what you have and making incremental changes and there has been far too much wholesale throwing everything out.
IV. MEASUREMENTS OF STUDENT LEARNING AND TRANSFER
In this section we will discuss some data that we have examined over the years and that help us judge some of the results of this course. First, we directly compare students who took the CLASP series with those who took our previous physics series (Physics 5). Then we discuss scores on concept inventories. Finally, we discuss our students' general attitudes about physics.
A. Direct comparison between CLASP students and Physics 5 students
We hope the CLASP series better prepares students for later work. In examining this possibility we use two different measures, students' work in later courses and students'
MCAT scores.
Preparation for later courses
In the few years after the introduction of this CLASP course we had a chance to compare the students taking the CLASP series with those who took the previous UC Davis introphysics series for bioscience students (Physics 5). As a proxy for the upper division major GPA we calculate a student's GPA for the 7 quarters (just over two years) that preceded their graduation and use those to compare different groups of students. We will call this GPA the UDGPA. We only include students who had at least 65 quarter units (about 1.5 years of a normal class load) and we did not include any students who started their intro-physics Bioscience students graduating in the years 1998 and 1999 had taken either the CLASP series or Physics 5 so, over those years, it's possible to compare the UDGPA across the two populations. The results of these calculations are given in Table II and show that the students who took the CLASP series had higher UDGPAs. A t-test shows that these Physics 5 and CLASP distributions are statistically significantly different, p = 0.05. We also see that both males and females had higher UDGPAs at graduation if they took the CLASP series though t-tests show that neither of these was statistically significant, p = 0.1 for this test for females and p = 0.55 for males. In this direct comparison we conclude that students who took the CLASP series performed better in their major courses than students who took the Physics 5 series. One confounding aspect of this direct comparison is that the developers of the CLASP curriculum had tried "interactive engagement" activities in the laboratories of much of the Physics 5 series during 1993-95 so we estimate that at least 15%-20% of the students graduating in in this period 36 had "interactive engagement" laboratory experiences.
Beyond this confounding issue, the direct comparison may be criticized on the grounds of a selection bias because these students have made a decision (either directly or indirectly)
as to which Physics series to take. For both of these reasons we do a second, somewhat different, comparison.
As a check against the possibility of selection bias controlling the data discussed above, and also to get a cleaner measurement of the effects of CLASP, we compare students who could only have taken the CLASP series. Rather than compare these groups directly, we compare each of these groups of students who took UC Davis intro-physics to those students, graduating in the same majors, who did not take either Physics 5 or CLASP and so must have taken another intro-physics course 37 . The vast majority of students in this second group have transferred into a bioscience major after two years at a community college; this is a sizable group of students at UC Davis (approaching 50% of the upper-division students in many majors). Since we are comparing "4-year students" in the biosciences to transfer students in the biosciences we will also compare 4-year students in non-bioscience majors to transfer students in the non-bioscience majors graduating in those same years so that we Table III and one sees that transfer students had slightly higher (but not statistically significant) average UDGPA's than students from the same majors entering as Freshmen in both sets of years (p = 0.41 and p = 0.65) for nonbioscience majors and in 1993 and 1994 (p = 0.09) also for bioscience majors. We use the data for the non-bioscience majors as evidence that the strength of our transfer students did not change in those years. It is notable that, of these four comparisons between four year students and transfer student, only bioscience majors graduating in 2000 and 2001 (those who took the CLASP series of courses) had higher average UDGPA's than transfer students in their majors and only for these two groups were the differences statistically significant (p = 0.0001). The magnitude of the UDGPA difference here is similar to that found in the direct comparison of Physics 5 and CLASP students graduating in the years 1998 and 1999 so we would argue that selection bias is not likely to have had a dominating effect on those data.
Another example of increased student performance by CLASP students in subsequent courses was seen in a recent study supported by a NSF CCLI grant DUE-0633317 Improving the Learning Experience in Introductory STEM courses in a Large Research University. An unforeseen outcome of this study was significantly increased performance in the general chemistry course of a group of students who took the first quarter of the CLASP course 
MCAT scores
In reorganizing the material for the CLASP course, we were concerned that students might not be as prepared for the MCAT so we analyzed some UC Davis students' performances on the Medical College Admissions Test (MCAT). We use about five years of data centered on the point at which we stopped teaching Physics 5 and began teaching CLASP. We compared our students' performance (N = 386 for students who took Physics 5 and N = 347 for students who took CLASP) on both the Physical Science and Biological portions of the MCAT. For the Biological Science part of the test the scores ranged from 3-15 with an average of 9.71 ± 0.10 whether the students took Physics 5 or CLASP. The Physical Science part of the test had a similar range of scores and an average of 9.26 ± 0.10 for the students who took Physics 5 and 9.42 ± 0.11 for the students who took CLASP. This gap of 0.16 ± 0.15 suggests that the CLASP students were slightly better prepared for the MCAT but that the result is not statistically significant (for instance, a t-test has p = 0.29). Nevertheless, it is important to us that the course not disadvantage our students with respect to the MCAT and certainly that seems to be the case.
B. Conceptual understanding of force and motion
For almost two decades, the Force Concept Inventory (FCI), a multiple-choice exam focusing on Newton's laws, has been a standard way for the physics education research community to measure student conceptual learning gains in introductory physics courses. 
C. Attitudes toward physics
Over the past two decades, research 41, 42 has shown that a majority of students leave introductory physics classrooms not only confused about the conceptual content of physics, but also about the nature of scientific knowledge. These ideas are epistemological in nature and the implicit epistemological message sent in many traditional classrooms is apparently not what we want 43 our students to learn. Indirectly, the students appear to be encouraged toward approaches to learning such as rote memorization and dissuaded from reconciling their everyday experiences with the content presented in the course to form a coherent worldview.
Several attitudinal surveys that provide information on student epistemologies have been Results from these sorts of surveys have been collected from many large lecture classes, across a variety of educational institutions, and from both 'reformed' and traditional introductory physics classes. Results are fairly consistent. In general, unless the class has focused explicitly on addressing epistemologies, 44 after one semester of physics instruction, student populations tend to move away from the experts in their opinions (even for most 'reformed' classes).
41,42
In the Fall quarter of 2008 we administered the MPEX-II (Maryland Physics Expectations Survey) 44 to two separate CLASP courses (about 600 students) of CLASP A. The results
showed that the student epistemologies in this set of classes were statistically unchanged over the course of the quarter: favorable fraction of responses changed from 0.46 ± 0.01 to 0.47 ± 0.01 and the unfavorable fraction changed from 0.27 ± 0.01 to 0.28 ± 0.01. Thus, unlike most standard classes and even many reformed Physics classes whose students seem to end the course with less expert epistemologies, this CLASP class seems to leave the students epistemological ideas unchanged on average. The MPEX-II did not exist at the time Physics 5 did, so comparisons of CLASP are by necessity to the national sample, which, as previously mentioned, shows a decline in expert-like opinions, even for most reformed classes.
V. SUMMARY AND CONCLUSIONS
Although the CLASP course represents a radical departure from traditional instruction, the series of introductory physics courses discussed in this paper have been fully institutionalized at UC Davis. The course has outlasted the people who originally developed it, and it continues to be positively received by faculty, and strongly supported by campus administrators. In one sense, the CLASP course serves as an existence proof that the kind of pedagogical setting that is implicated from several decades of research from education, physics education, and cognitive science can actually be implemented in a large research university setting. As mentioned in the introduction, it basically provides a studio-physics like experience for nearly 2000 students per year and does so using no more instructional resources than a traditionally taught large lecture course with multiple lab and discussion sections. Also, even though our exams ask students to discuss their ideas in writing, time spent by TAs grading the quizzes and exams is roughly the same as spent by TAs in grading standard problems for homework and exams in the course for engineering majors. The CLASP course, including all of its pedagogical approaches, has been successfully implemented in a much smaller setting at California State University, San Marcos, where one faculty instructor teaches one section with mini-lectures interspersed in the DL setting as required.
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It is not only the DL setting that is important, of course. There is evidence from a variety of sources that the combination of pedagogical approaches incorporated in CLASP lead to an improvement in student performance in subsequent courses. Our strong suspicion, however, it that it is the attempt to have all aspects of the course support the goal of sense making that is critical. Our students leave the series of CLASP courses better prepared for their later studies (MCAT and GPA comparison of Physics 5 to CLASP), with acceptable physics knowledge (FCI comparison of CLASP to national sample), and with more expert epistemologies than they would from a standard class (MPEX-II comparison to national sample).
The CLASP course provides opportunities for training new faculty and new graduate TAs consistent with the best practices in interactive-engagement courses, precisely those best practices that earned CLASP the distinction of being designated an 'exemplary practice' course in the AP redesign study (see section III A). It provides a viable vehicle for faculty at a research university under very real time constraints to try out active-learning teaching approaches.
The CLASP series of courses is a work in progress, but more recently, the majority of work has shifted from fine-tuning the student activities to improve learning how to adjust the amounts of time spent on the various physics models. We have always been focused on the types of physics that our bioscience students will need to understand and use in their later courses and careers. We are guided in our efforts to make the CLASP course more relevant for our students by ongoing conversations with biological science faculty at UC Davis as well as the recent reports on undergraduate education for bio-science 45 and premed 46 students and more recently by the ongoing "Reforming the Introductory Physics
Course for Life Science Majors" sessions at AAPT meetings. Because our DL student activities, rather than a textbook, drive the course we can readily change the course content and rapidly adjust the weights given to the various models of the course in response to
clearer understandings of what is most appropriate for these students.
Finally, as the activity development efforts wind down, our Physics Education Group is freed to use the resulting curriculum and pedagogical approaches as a learning laboratory to investigate fundamental issues of teaching and learning. In particular, we want to better understand just what it is about the combination of pedagogical approaches used in CLASP that lead to the improved performance we observe in students subsequent courses. 12 By this we mean, for instance, that the students are operating at the higher levels of Bloom's Taxonomy. 13
13 David R. Krathwohl, "A revision of Bloom's taxonomy: an overview", Theory Into Practice,
41, 212-218 (2002).
14 The students taking this class are predominantly of sophomore or junior standing and have usually already completed introductory courses in chemistry and bilogy: they will also have completed a one-year terminal calculus course.
Transitions to Active Learning", presented at the AAPT Summer meeting (2002) . 35 In all of the following quantitative measures, the error estimates that we quote are the standard error of the mean.
36 It is difficult today to determine exactly which sections of classes had "interactive learning" lab experiments and which did not and also whether those labs continued when the CLASP developers stopped their own experiments in the Physics 5 seris and began the CLASP courses.
37 For our purposes here "bioscience" majors are those for which the introductory physics series is required by the major, "non-bioscience" majors are those for which neither the Physics 5 nor Physics 7 is required. About 2% of the graduates could not easily be placed into one of these two categories generally because they graduated with a major that allowed but did not require our standard intro-physics series for bioscientists. 38 It was not always possible to decide who was admitted as a Freshman so we have used a cutoff
